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Sunday, February 16, 2014 17aimportant, as it may assist in designing channelrhodopsin variants with specific
properties for optogenetics applications.
To dissect structural elements that may act as gates and to explore how protein
and water dynamics respond to changes in the protonation state, we combined
extensive bioinformatics analyses with molecular dynamics simulations of
channelrhodopsin and of bacteriorhodopsin mutants that model specific chan-
nelrhodopsin interactions, or have altered proton-transfer kinetics. In some of
these mutants, we find that perturbation of specific hydrogen bonds is coupled
to the rapid formation of water bridges that could assist proton transfer. In sim-
ulations on channelrhodopsin embedded in hydrated lipid membranes, the dy-
namics of water wires and hydrogen bonds inter-connecting remote regions of
the protein are tightly coupled to the protonation state.
This work has been supported by the Marie Curie International Reintegration
Award FP7-PEOPLE-2010-RG 276920 and by the SFB 1078 ‘Protonation Dy-
namics in Protein Function’.
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Inspired by the virtual site procedure [1] we apply a new method to completely
remove the hydrogen degrees of freedom from a lipid bilayer simulation using
the all atom CHARMM36 force field in GROMACS. The hydrogens are still in
the topology and their interactions with the other particles are unchanged.
However the position of the hydrogens at each step is calculated from the po-
sition of the heavy atoms. By removing the fast motion of the hydrogens the
technique allows for an increase in the time step of the simulation to 5fs.
Compared to a typical CHARMM36 simulations with a time step of 2fs the
method gives a performance increase of more than a factor 2.5 (due to the
increased time step and the removal of the hydrogens degrees of freedom).
Special care have been taken for the removal of the degrees of freedom of
the hydrogens of the CH2 group of the lipid tails in order to conserve the
main properties of the bilayer such as the area per lipid and the water
hydration.
We then successfully simulate an transmembrane protein, the sodium potas-
sium pump, in the bilayer by fixing the hydrogens of the protein through the
standard virtual site procedure as described in [1]. We observe the same perfor-
mance increase and the properties of the protein (rmsd, ions binding sites etc ...)
are shown to be unaffected by the procedure.
The method can be trivially applied to force fields other than CHARMM and
allows high performance in hydrogen-rich all atom simulations.
[1] K.A. Feenstra, B. Hess, H.J.C. Berendsen, Journal of Computational Chem-
istry, Vol. 20, No. 8, 786-798 (1999)
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Understanding how environmental factors affect a-synuclein conformation is
of great importance because its misfolding is intimately connected to Parkin-
son’s disease etiology. The role of membranes is of particular interest because
membranes not only affect the protein-folding landscape, but are also ubiqui-
tous in vivo. We have employed neutron reflectometry techniques to charac-
terize membrane-induced conformational changes in a-synuclein, revealing
the polypeptide structural envelope and changes in bilayer structure. In our pre-
vious study (1), the partial insertion of a-synuclein induced membrane thinning
of a negatively charged tethered bilayer composed of equal molar phosphati-
dylcholine (PC) and phosphatidic acid (PA). We have extended this work to
study a physiologically more abundant anionic lipid, phosphatidylserine (PS)
and used isotopically labeled deuterated protein to enhance signal contrast be-
tween the protein and the bilayer. In order to enhance a-synuclein binding to
PS, measurements were conducted at an acidic pH, 5.5, which yielded a similar
binding affinity to that of PA at pH 7 as determined by circular dichroism spec-
troscopy detecting a-helical structure formation. Similar to PA, neutron data
obtained from tethered PC/PS bilayer also showed a-synuclein induced mem-
brane thinning in a protein concentration dependent manner. Towards the aim
to delineate the involvement of specific protein regions, we have produced a
segmental isotopically-labeled a-syn variant where the N-terminal (residues
1-86) and C-terminal regions (residues S87C-140) are deuterated and proton-
ated, respectively. Having the N-terminal region deuterated, the contrast be-tween the protonated lipid and the peptide is easily distinguishable. Results
obtained from complementary fluorescence methods to determine penetration
depth and lipid reorganization will also be presented.
1. Pfefferkorn, C.M., Heinrich, F., Sodt, A.J., Maltsev, A.S., Pastor, R.W., Lee,
J.C. (2012) Depth of a-synuclein in a bilayer determined by fluorescence,
neutron reflectometry, and computation, Biophys. J. 102, 613-621.
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The time where membranes were just considered as a hydrophobic slab is long
gone. It is well known that the lipids and sterols of the membrane affect the pro-
teins that reside in the membrane but the details of this intimate relationship are
not well understood. Here we perform computer simulations, namely free en-
ergy calculations, in order to investigate the interactions between short peptides
and model membranes. The study has a two-folded purpose, firstly to bring
further understanding of how peptides are adsorbed to membrane surfaces in
both a qualitative and quantitative manner and secondly thoroughly test the
state-of-the-art computational approaches against well-established experi-
mental data. Here we study the adsorption of the well-known Wimley-White
pentapeptides (1) on a one-component membrane using Molecular Dynamics
simulations together with Metadynamics (2) in order to effectively explore
phase space. The results show that it is possible to reproduce experimental ob-
servations by using state-of-the-art computational methods together with a
cleverly designed, multi-dimensional reaction coordinate. The findings pre-
sented will be valuable for the further development of the computational tools
available for studying these systems.
(1) Wimley, W. C., White, S. H., Nat. Struct. Biol., 1996, 3, 842.
(2) Laio, A., Parrinello, M., Proc. Nat. Acad. U.S.A., 2002, 99, 12562.
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Recognition of phosphatidylserine (PS) lipids exposed on cell surfaces is impli-
cated in both apoptotic cell removal and immune regulation. The PS receptor
Tim4 is believed to regulate T cell immunity via phagocystosis of both
apoptotic (high PS exposure) and non-apoptotic, activated T cells (intermediate
PS exposure). The latter population must be removed at lower efficiency to
sensitively control immune tolerance and memory cell population size. Utiliz-
ing a combination of interfacial x-ray scattering, membrane binding assays, and
molecular dynamics simulations, we demonstrate how Tim4 recognizes PS in
the context of the lipid bilayer. Our data reveals that, in addition to the known
calcium ion-coordinated, single-PS binding pocket, Tim4 has four weaker sites
of potential ionic interactions with PS lipids. This organization makes Tim4
sensitive to PS surface concentration in a manner capable of supporting differ-
ential membrane recognition on the basis of PS exposure level. Tim1 is
distinctly less sensitive, likely reflecting the differences in immunological func-
tion of Tim1.
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Bax is a protein that is responsible for the decisive point-of-no-return event in
cell death. Bax is normally monomeric, but it transforms into its lethal oligo-
meric form in response to cell stress. To map this transformation on the molec-
ular level, we used nanometer-scale phospholipid bilayer islands (nanodiscs),
each able to accommodate only a single BAX molecule. Using this minimal
18a Sunday, February 16, 2014reconstituted system, we captured structural correlates that precede Bax homo-
oligomerization elucidating previously inaccessible steps of the core molecular
mechanism by which Bcl-2 family proteins regulate membrane permeabiliza-
tion. The three-dimensional reconstructions of these membrane assemblies
demonstrate that in the presence of a BID BH3 peptide, an individual BAX
molecule can insert into the nanodisc membrane, distort the lipid bilayer,
and form a pore. This implies that monomeric membrane-inserted BAX is
the key functional unit responsible for initiating mitochondrial outer membrane
pore formation and destabilization, leading to apoptosis and cell death. This
study provides a new set of tools and previously not accessible data to gain
new understanding of the molecular basis of mitochrondrial permeabilization.
107-Plat
Voltage- and Calcium-Dependent Toxin Translocation Across a Tethered
Lipid Bilayer
Joel Chopineau1,2, Remi Veneziano1, Claire Rossi3,
Jean-Marie Devoisselle1, Alexandre Chenal4, Daniel Ladant4.
1UMR 5253 CNRS/ENSCM/UM2/UM1, Montpellier, France, 2Universite de
Nimes, Nimes, France, 3CNRS FRE 3580, Compiegne, France, 4CNRS URA
3528 Institut Pasteur, Paris, France.
We report the design of novel biomimetic membrane model and its use to char-
acterize in vitro the translocation process of bacterial toxin, the adenylate
cyclase (CyaA) from Bordetella pertussis.
The membrane was assembled over a calmodulin (CaM) layer and exhibits the
fundamental characteristics of a biological membrane separating two cis and
trans compartments. SPR was used to monitor the membrane interaction of
the CyaA toxin, while the activation of the catalytic activity of CyaA by the
tethered CaM was used as a probe of its translocation across the bilayer. Trans-
location of the CyaA catalytic domain was found to be strictly dependent upon
the presence of calcium, and upon application of a negative trans-membrane
potential, in good agreement with prior studies done on eukaryotic cells. These
results demonstrate that CyaA does not require any eukaryotic components to
translocate across a membrane, and suggest that CyaA is electrophoretically
transported across the bilayer by the transmembrane electrical field. To our
knowledge, this work constitutes the first in vitro demonstration of protein
translocation across a tethered lipid bilayer. This biomimetic assembly opens
new opportunities to explore the molecular mechanisms of protein transloca-
tion across biological membranes.
Platform: Biosensors
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A wide variety of analytes may be detected stochastically by observing the
modulation of ionic current flowing through a single engineered protein pore.
Rate and equilibrium constants for the interaction of an analyte with a binding
site are obtained without a need for labels, such as fluorescent tags. We engi-
neered alpha-hemolysin pores containing peptide sensor elements within a sin-
gle trans-side beta-barrel loop. Site-specific proteolysis produced pores bearing
peptides tethered by a single N-terminal peptide bond. These pores were used
for the single-molecule detection and study of kinase-peptide interactions. Ki-
netics and affinities of the Pim kinases (Pim-1, Pim-2, Pim-3) for their
consensus substrate Pimtide, and of cAMP-dependent protein kinase for an
inhibitory peptide, were found to be in good agreement with previously re-
ported values. Distinct current noise behaviors were observed between kinases
while bound, which form an additional basis for analyte discrimination. Pim ki-
nases exhibited unusually high association rate constants for their consensus
substrate (~107-108 M1 s1), extrapolated to zero applied membrane potential.
We found this to be due to electrostatic enhancement, which in vivomay consti-
tute an additional layer of control between cell signaling pathways.
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London, United Kingdom.Forkhead box (FOX) transcription factors, including FOXA1, play critical roles
in cell proliferation and act as either tumour suppressors or oncogenes. Epige-
netic modification of the FOXA1 gene such as DNA methylation has generated
considerable interest as a biomarker for monitoring of breast cancer develop-
ment. Here, we utilised solid-state nanopores as fast, robust and inexpensive
biosensor to characterise FOXA1methylation. The basic principle is the electro-
phoretically driven passage of individual molecules through a nanopore, which
results in detectable changes in the ionic pore current. Figure below illustrates a
linear fashion translocation of a negatively charged analyte such as DNA. As
soon as the DNA enters the pore, there is
a significant reduction in ionic current as
part of the liquid-volume is displaced.
In this study, using molecular biology as-
says, the significance of FOXA1 methyl-
ation in various breast cancer cell-lines is
demonstrated. Subsequently, in vitro meth-
ylated FOXA1 promoter is sensed at single
molecule level with a SiNx nanopore,
where the detection is enhanced by form-
ing a complex with 5-methylcytosine
antibody. Statistical analysis of the translo-
cation process provided us with valuable insight on characteristics and level of
methylation on a DNA segment.
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The tumour suppressor p53 plays a crucial role in cell cycle regulation in
response to cellular stress such as DNA damage. p53 has been found to be
mutated in 50% of all human cancers, the majority of which occur in the
DNA binding core domain of the protein.
These mutations result in loss of sequence
specific binding abilities that activate the
transcription of genes to regulate the cell
cycle and prevent cell damage prolifera-
tion. It is, therefore, crucial to understand
the p53-DNA binding interaction to further
our ability to detect and combat any break-
down in wild type function.
In this research we investigate the interac-
tion of p53 and sequence specific DNA
with label-free techniques. The solid-state
nanopore platform is a label-free biosensor
that utilises ion transport to drive analytes
through the nanopore aperture. The result
is a current-time signal that is character-
istic to the charge, shape and size of the an-
alyte of interest (see figure). This method
allows for detection and differentiation be-
tween analytes without a need for labels.
The use of this platform to study the p53-DNA specific binding interaction is
combined with AFM analysis to examine binding statistics.
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switchSENSE is a novel chip-based bioanalytical method that employs electri-
cally switchable DNA nanolevers as molecular probes. While the nanolevers
are driven to oscillate on the surface of microelectrodes by alternating electric
fields, their orientation-switching is detected by time-resolved single photon
counting. By measuring the molecular dynamics of the switching process it
is possible to gauge the hydrodynamic properties of analyte molecules which
are bound to the oscillating nanolevers. In particular, changes in the structure
or shape of the analyte that alter its hydrodynamic friction coefficient can be
monitored with high sensitivity.
Here, we used the switchSENSE approach to investigate the thermally induced
unfolding of proteins on a chip. We demonstrate how melting curves can be ob-
tained from molecular dynamics measurements and elucidate the thermal
